ABSTRACT
INTRODUCTION
intention to achieve unsatisfactory results [9] . There may be no assurance for the proposed plan to work 50 effectively. Proceeding with the specific retrofit measures or not depends on the integration of a 51 number of heterogeneous specialties, including ecological, comfort, aesthetic, financial, and so on [10] .
52
Therefore, the development and application of tools that can assist designers in considering as many 53 alternatives and decision criteria as possible is obviously needed.
55
In China, existing research shows the difficulties of renovation works in management and the 56 unification of proprietor intentions. Energy-efficient renovation is effective for upgrading existing 57 residential building performance but requires more government financial subsidies [11] . A real project 58 in China tends to make separate defect remedies to improve the building energy efficiency rather than 59 taking a holistic approach to optimize the whole building performance. Currently, many criteria have to 
83
At the same time, retrofitting existing energy-intensive buildings was incentivized to reach 25% of total 84 floor area in large cities before 2010; by 2020, this figure will reach 100% [14] .
86
Among 67.1 billion square meters of existing 87 building area, the total domestic building area is 88 approximate 48.6 billion square meters [15, 16] .
89
Nearly 52% urban residences was constructed 90 before 2005 without much concern for energy 91 efficiency [17, 18] . As shown in Figure 1 
99
The local climate to which the building is exposed plays a significant role in decision making about As shown in Figure 1 and 
145
for heat metering and energy efficient residential retrofits in the northern heating region [23] 146 a domestic energy retrofit approach based on building envelope diagnosis and heating supply system 147 optimization. Table 2 and Figure 2 show the frequently used retrofit design parameters in Tianjin 148 covering building form, fabric and system optimization which will be illustrated in detail in Chapter 3.
149
Other measures such as ground source heat pumps and smart local networks are not widely used due to residential area of 9 million square meters will be retrofitted in 2015, and another 9 million square 153 meters will be retrofitted in 2016-2017. [24] 154 
Regulation and Benchmarks 158
There is no nationwide design regulation or evaluation standard regarding domestic retrofit in China.
159
This article assumes that the residence should achieve the same or even better building performance 160 after a holistic retrofit compared to the present new build. Thus, the current building regulations and 161 energy-efficiency design standards served as the reference substratum for retrofit benchmarks. Table 3 . 
169

Framework and Procedure 177
A methodological framework based on a simulation platform has been developed to assess the energy 178 and environment performances. The framework includes three main parts: diagnosis, proposal and 179
prediction. An overview of the framework is illustrated in Figure 3 . Table 4 summarizes the main categories of retrofit measures adopted in this research. 
205
Parametric run 224
Building simulation tools (BSTs) can be used within the interdisciplinary components from different 225 physical and engineering disciplines including thermal performance, sunlight and electric lighting, fluid 226 mechanics, and HVAC systems. Each simulation tool has a special skill for a special field rather than 227 all-around simulation capacities for all aspects. As a result, considering the accuracy of the operation, 
288
Ea =Egrid, a+∑k=1 n Efuel, ak (2) 289
In the Cold Zone of China, the main domestic fuels are electricity and gas. 
Incremental cost 295
The incremental cost discussed in this article is the static cost arising from the implementation of the 296 retrofit strategies. The total cost is therefore a sum of expenses for removing useless components, 
CASE STUDIES
309
The three residences that were modelled include a 1981 mid-rise building, a 1995 mid-rise building and but have different dimensions, fabrics and surroundings. Similar design procedures were followed to 312 identify efficient retrofit options for the different buildings. 
325
The physical environment diagnosis showed in Figure 5 is composed of sun light hour analysis, indoor 
CASE 2: 1995 Jiuhuali residence 371
The second case study was chosen to represent the 1986-1995 building that is typical of 6-storey high 
Diagnosis
377
Following a procedure similar to that described above, the Jiuhuali residence shows its distinction. 
Predictive Design
390
After modification and prediction, the "extrude object for solar envelope" analysis helped to locate 391 which part of the building should be cut down to reduce the adverse effects to its neighbours without 392 affecting the building's normal use (Figure 8 ).
395
As shown in 
433
First, the existing residences all had extended bay windows, which increase the external surface area 434 and, consequently, the heat loss. Therefore, the most intuitionistic measure would be to remove the bay 435 windows to gain a reasonable glazing ratio. Figure 10 illustrates the wind environment improvement 
481
The process followed here is just a preliminary decision-making step towards different retrofit goals.
482
The building performances before and after a holistic retrofit are summarized and compared in Figure   483 13. The older the residence is, the greater the low-carbon or low-energy retrofit potential is. The 1981 484 case shows the greatest energy savings and CO2 savings with a low incremental cost. However, the 485
2002 high-rise case shows more challenges in performance optimization and a high incremental cost. 
